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From: Peter Israelsson
To: Garland, Edward; Wands, James
Cc: LaPoma, Jennifer; Robert Law; Willard Potter; John Connolly; Wen Ku; Peter Oates; Rooni Mathew; Canizares,


Rafael
Subject: FW: Information for Modeling meeting
Date: Monday, June 27, 2016 1:42:26 PM
Attachments: 20160524_CPG_Proposed_Agenda-LPRSA_Modeling_Meeting_withCommentDetail.docx


Notes_on_proposed_partition_approach_20160624_DRAFT.docx


Ed and James,
 
A couple of things are attached for your review, to support discussion at the meeting tomorrow:


·         A marked up agenda that shows some of the supporting detailed comment numbers that
are associated with the high level “Required Revisions” listed on the original agenda.  This is
for clarification purposes only; no additional topics are added.


·         Notes on a proposed partitioning approach that we will be presenting.
 
We will follow-up with one additional set of notes, which are being finalized shortly.
 
Please let us know of any question, and see you tomorrow.
 
Regards,
Peter
 
 
Peter H. Israelsson, PhD


ANCHOR QEA, LLC    |    www.anchorqea.com
Please consider the environment before printing this email.
This electronic message transmission contains information that may be confidential and/or privileged work product prepared
in anticipation of litigation.  The information is intended for the use of the individual or entity named above.  If you are not the
intended recipient, please be aware that any disclosure, copying distribution or use of the contents of this information is
prohibited.  If you have received this electronic transmission in error, please notify us by telephone at (857) 991-1111.
 


From: Robert Law [mailto:rlaw@demaximis.com] 
Sent: Monday, June 27, 2016 11:04 AM
To: Jennifer LaPoma <LaPoma.Jennifer@epa.gov>
Cc: John Connolly <jconnolly@anchorqea.com>; Peter Israelsson <pisraelsson@anchorqea.com>;
Willard Potter <otto@demaximis.com>; Rafael Canizares <RCanizares@moffattnichol.com>; Rooni
Mathew <RMathew@moffattnichol.com>
Subject: Re: Information for Modeling meeting
 
AQ will be sending Ed and James some additional information later today....


Robert Law, Ph.D.
de maximis, inc.
rlaw@demaximis.com
Voice: 908-735-9315
Fax: 908-735-2132
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Proposed CPG Agenda 


17-mile RI/FS Modeling Meeting





Morning





I. Introductions/Opening Remarks





II. COPCs for which the CFT model will be calibrated (EPA Comment 372)





III. CFT model partitioning to various carbon phases (EPA Revisions 3b, 4d; supported by Comments 371, 557)


a. Proposed approach to approximate desorption kinetics





IV. CFT model simulation of a fluff layer


a. Consistency between ST and CFT models (EPA Revision 3d; supported by Comments 381, 405, 540, 558)


b. Parameterization of transfer with parent bed (EPA Revisions 3c, 3e; supported by Comments 405, 538, 539, 541-545)





[bookmark: _GoBack]Afternoon





V. Bulk density impact on computed CFT model concentrations (EPA Revision 3f; supported by Comment 528)





VI. Rate of recovery in depositional areas (possibility of added carbon to sands; EPA Revision 3b, also discussed in Comments 373, 379, 386, 562-564, 401)





VII. ST model grain stress partitioning (EPA Revision 1b; supported by Comment 450)





VIII. ST model decoupled mode – issue of changing bathymetry (EPA Revision 1a, supported by Comment 451)





IX. OC model


a. Comparison to data (EPA Revision 2a; supported by Comments 370, 398, 399, 517,  522, 526, 534)


b. Mass balance (EPA Revision 2b; supported by Comments 518, 521-524, 526, 528, 529, 534)





X. Representation of FS alternatives in models (Revisions 1c, 2c, 3g; also discussed in Comment 547)










DRAFT - For Discussion Purposes Only


[bookmark: _GoBack]Notes on A Proposed Partitioning Approach for the CFT Model


In Support of Discussions with USEPA on Draft LPR RI Comments





These notes are provided to facilitate discussion with USEPA on options for addressing USEPA’s Required Revision 3b, which directs CPG to “represent partitioning to detrital POC, algal POC, DOC”.  The text that follows lays out concepts and a proposed framework that may address USEPA’s directive while still achieving CPG’s goal of limiting water column desorption so as to factor in the existence of a resistantly bound phase that mediates net transport from the bed to the water column.  As noted below, there are several variants to the analysis and parameter settings that could be explored further, if USEPA is amenable to the basic concept.





Equilibrium Partitioning 


RCATOX uses a multi-phase equilibrium partitioning model similar to the model derived in Appendix G of the CPG Draft RI, which has the total chemical concentration,, in the water column distributed at equilibrium between the concentration associated with particulate organic carbon, , the freely dissolved concentration, , and the concentration associated with dissolved organic carbon,  (Draft RI Appendix G, Equation 4).  In RCATOX, the particulate phase, , is further divided into the chemical concentration associated with detrital organic carbon, , and algal carbon, :


		(1)


resulting in a four-phase model with equilibrium partitioning (assuming the water column porosity equals one): 


		(2)


In the RCATOX framework it is assumed that contaminants may have a lower binding affinity to algal carbon than detrital carbon and the associated algal  is therefore defined as a fraction () of the contaminant .  Likewise, the binding to dissolved organic carbon (DOC) is characterized by a fraction () of the contaminant.  Building on the derivation in Appendix G of the Draft RI, rearranging Equation 2 expressed in terms of dissolved concentration above, and still assuming the porosity of the water column is one, allows the freely-dissolved concentration to be expressed as:  


		(3)


Adding the freely dissolved concentration associated with DOC yields the total operationally dissolved concentration:


		(4)


which is conceptually consistent with the dissolved concentration measured by the high volume Chemical Water Column Monitoring (hvCWCM) sampling program (see Draft RI Appendix G).  Finally the above expression is normalized by the total concentration to yield the fraction dissolved :


		(5)


and similar approach is used to define the fraction particulate:


		(6)


These equilibrium expressions are modified below to account for rate-limited sorption kinetics.





Kinetic Sorption 


Full equilibrium is unlikely to be achieved in the Lower Passaic River because the residence time in the water column of the various suspended carbon forms is short relative to the time scale of desorption.  Of particular significance is the short residence time of resuspended sediment carrying contaminant from the bed to the water column.  Several desorption studies have proposed based on observation that desorption of hydrophobic contaminants takes place in three phases: rapid, slow, and very slow (Cornelissen et al. 2000, 2001; Ten Hulscher et al. 1999).  Additionally, studies have observed fast and slow phases sometimes referred to as the “reversible” or “labile” and “resistant” phases, respectively (e.g., Pignatello and Xing 1996; Chai et al. 2006; Birdwell et al. 2007; and Schneider et al. 2007).  The desorption rates observed by Sormunen et al. for 2,3,7,8-TCDD (2009; desorption for four separate lake sediments) and by Carroll et al. for PCBs (1994; desorption in the Upper Hudson River) suggest that only the carbon (sorption sites) characterized by the fast desorption rate (time scale of a few days and 30 to 60% of the chemical mass) could approach equilibrium in the water column.  Conversely, the carbon characterized by the very slow or resistant rates (time scales of hundreds of days and 40 to 70% of the chemical mass) would not be expected to exchange significant chemical mass with the water column while in suspension.  





Implications of Kinetic Sorption to LPR Dynamics


The instantaneous chemical equilibrium assumption is the weakest in accounting for contaminant transfer from resuspending particles to other forms of carbon in the water column.  It over predicts transfer and in doing so can over predict the net export of contaminant from the bed to the water column, resulting in more rapid depletion of the bed contaminant concentration than likely occurs.  Resistantly sorbed contaminant mass resuspended from the sediment bed is transferred from settling particles (e.g., silts and flocculated clays) to carbon forms that do not settle or settle slowly, (e.g., algae and dissolved organic carbon [DOC]).  With sorption kinetics accounted for, the resistantly sorbed mass would simply move up with the eroding solids and re-deposit with the same solids as a consequence of its slow desorption rate.  





Proposed Simplified Kinetics Approach 


The Simplified Hybrid Resistant Equilibrium  (SHREQ) approach is designed to approximate the impact of sorption kinetics and lessen the concerns raised above, without adding additional state variables to the CFT model as required if kinetic phases are explicitly modeled.  The focus of this effort is to prevent the transfer of resistantly-sorbed contaminant on resuspended carbon to suspended carbon. It is therefore appropriate to consider the dominant source of the resistant mass so that it can be tracked and preserved.  For the LPR, the primary source of resistant mass into the water column is expected to come from the sediment bed, and for the hydrophobic contaminants of interest, almost all contaminant mass in the bed is expected to be sorbed to the detrital carbon.  Analgous to the studies above (e.g., Carroll et al. 1994; Sormunen et al. 2009), different kinetic regimes can be characterized by the detrital carbon that corresponds to different desorption rates.  In the SHREQ framework, detrital carbon characterized by desorptions timescales of hundereds of days is considered resistant and is quantified as the fraction of carbon in the “Resistant Domain” ().  Conversely, the carbon and contaminant mass associated with fast phase desorption will be assigned to the “Equilibrium Domain” (), for which desorption will be assumed fast enough to undergo instantaneous partitioning:


	 	(7)


The SHREQ approach decomposes the total chemical  into resistant  and equilibrium  total concentrations:


	 	(8)


where the resistant concentration  is the chemical mass resistantly sorbed to the detrital carbon and the equilibrium concentration  is the chemical mass that is allowed to instantaneously distribute between the freely dissolved phase and all modeled carbon forms, i.e., detrital carbon, algal carbon, and dissolved organic carbon:


	  	(9)


	  	(10)


It should be pointed out that when , the SHREQ framework collapses to the standard RCATOX partitioning framework facilitating easy sensitivity analysis.  When , it effectively assumes the fraction dissolved is “blind” to the resistantly sorbed mass. DOC and algal carbon are assumed to have 100% of their respective carbon in the Equilibrium Domain, which allows  to be expressed as:


		(11)


where  is the detrital particulate concentration in the Equilibrium Domain, which corresponds to the mass sorbed to (]).  Rearranging Equation 11 and adding in  to the POC component in Equation 4:


          (12)


and replacing  with  (Equation 10) and normalizing by total concentration yields:


                        (13)


In contrast,  is assumed 100% in the particulate phase as it is bound to the resistant carbon, so this particulate mass is added to the particulate fraction in the Equilibrium Domain to yield the total particulate contaminant concentration: 


   (14)


Replacing  with  (Equation 10), replacing  with  (Equation 9) and normalizing by total concentration yields:


                    (15)


Note that if , the SHREQ famework collapses to the standard equilibrium partitioning approach; Equation 13 would equal Equation 5 and Equation 15 would equal Equation 6.  Also note that .  The  and  fractionations in the SHREQ framework partition , and thereby influence the predicted dissolved and particulate contaminant fluxes, respectively. 





Within the SHREQ framework, the values of  and  are treated as constant in time and space.  The same fractionation is thereby applied to the sorbed chemical mass regardless of whether it entered the water column from the boundaries, erosion flux, or any other sources. This assumption is a primary difference between the SHREQ framework and a full kinetics model (i.e., one that explicitly simulates different kinetic phases by adding state variables).





Chemical Water Column Monitoring Analysis


The hv-CWCM data were analyzed to derive chemical-specific partitioning parameters within the above framework.  Two main approaches[footnoteRef:1] where considered: 1) Use literature values for  (e.g. Carroll, 1994; Sormunen et al. 2009) and determine  values; 2) Use literature values for  and determine .  In the evaluation that follows, the latter approach was used on the presumption that  is mainly a property of the chemical (see Schwarzenbach et al. 2003) and that site-specific influences are embodied in , reflecting both the nature of the solids and the mean extent of equilibration by the fast desorbing phase within the water column.  The differences between settings derived from either approach could in principle be evaluated via model sensitivity. [1:  A third alternative approach, which is not developed herein, is to use literature values for both  and  in Equation 12, but then interpret the  term in Equation 10 as an apparent fraction equilibrium, which can be evaluated from the CWCM data.] 






Equation 13 was solved for  as a function of the observed operationally dissolved fraction  from the hv-CWCM measurements:


		  (16)  


Measurements of total POC and DOC from the hv-CWCM samples were used in the calculation together with an assumption that the algal carbon was 5% of total POC.  This 5% fraction was estimated from measured chlorophyll-a and total POC concentrations from the sv-CWCM samples collected at the same location and month as those in the hv-CWCM (chlorophyll-a was converted to carbon using a ratio of 40 µg C per µg chlorophyll-a).  The  values were taken from literature  values (see Table 1) and checked to ensure that the derived  values did not exceed 1 (the upper bound).  The fraction equilibrium was calculated from the hv-CWCM measurements across all stations for each sampling event and then averaged over the sampling events (see Figure 1 below; non-detects were ignored in averages).





[image: ]


Figure 1.  Average Fraction Equilibrium values derived from hv-CWCM data (detects only).





Conceptually there are two bounding cases that govern the observed dynamics: 1) Low observed fraction equilibrium - samples strongly influenced by bed sources would have lower amounts of mass eligible to participate in equilibrium partitioning due to the lesser amount of time to desorb; and 2) High observed fraction equilibrium - samples strongly impacted by external sources (e.g., near boundaries) may be closer to equilibrium if suspended particles have had more time to equilibrate or if they entered the domain with little resistantly sorbed contaminant mass. 





The average results (detects only) of this analysis are summarized in Table 1, along with the other sorption parameters used herein (taken from USEPA FFS model settings).  For reference, Table 2 summarizes the range of observed (apparent) partition coefficients ( in the hv-CWCM data and the partition coefficients used within the USEPA FFS model (LBG 2014).  The SHREQ partition coefficients used in the model are lower than the apparent hv-CWCM partition coefficients presented in Section 6 and Appendix G of the Draft RI; this follows from assuming that only a portion of the measured contaminant is eligible for equilibrium partitioning (i.e., ),  whereas the apparent partition coefficients implicitly assume that all of the contaminant mass is eligible for equilibrium partitioning.





Table 1	
Preliminary hv-CWCM Analysis Settings


			 


			 


Input Values





			 Modeled


Chemical


			Mean Equilibrium Fraction


			log Koca [L/kg]


			log Kow [L/kg]


			a


			aphy





			2,3,7,8-TCDD


			0.09


			6.3


			6.65


			0.08


			1





			Tetra-CB


			0.45


			5.3


			6.0


			0.08 


			1
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Table 2	
Summary of Reference Values


			 


			Reference Values





			Modeled


Chemical


			Literature Fraction Equilibrium Valuesb,c


			Literature log Kow Valuesd,e


			Range of hv-CWCM Apparent 3-phase Partition Coefficientsf


[L/kg]


			USEPA FFS Model Settingsg for log Koc [L/kg]





			2,3,7,8-TCDD


			0.3


			6.15, 6.64, 6.20, 7.02, 5.38


			7.54 – 8.52


			6.81





			Tetra-CB


			0.6


			5.29


			5.85 – 6.97


			6.27








Notes:


a. Mean of literature Kow values


b. Sormunen et al. 2009


c. Carroll et al. 1994


d. Compiled in Montgomery 1999


e. Hansen et al. 1999


f. Appendix G of draft RI


g. LBG 2014
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>>> "LaPoma, Jennifer" <LaPoma.Jennifer@epa.gov> 6/27/2016 10:29 AM >>>
Rob,
 
Ed and James put together a couple of slides and notes that they will likely reference at our meeting
tomorrow to help guide our conversation. Please see the attached for that material.
 
See you tomorrow,
Jen
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